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NARROW  BAND  RED  EMISSION  IN  EUROPIUM  ACTIVATED  CERIA  NANOCRYSTALS 

B.  S.  CHAKRABARTY 


Europium  activated  Ceria  nanocrystals  having  14.8  nm  crystallite  size,  prepared  by  precipitation  method  exhibit 
very  narrow  emission  band  at  590  nm  with  high  intensity.  This  is  significant  as  the  width  of  the  peak  is  not  more  than  a 
few  nano  meters  and  the  intensity  is  quite  high.  The  material  is  likely  to  have  a  high  efficiency  of  conversion. 

KEYWORDS:  Cerium  Oxide,  Narrow  Emission,  Ceria  Nano  Meters 

INTRODUCTION 

Systems  involving  rare  earth  oxides,  especially  Cerium,  have  many  practical  applications  due  to  their  excellent 
physical  and  chemical  properties Cerium  oxide  (Ce02)  powders  have  attracted  much  attention  owing  to  their  potential 
uses  in  a  variety  of  applications,  e.g.  UV  absorbents  and  filters  [2, 3],  as  catalysts  for  the  treatment  of  automotive  exhaust 
system  because  of  its  high  oxygen  ion  conductivity  [4]  and  petroleum-cracking  catalyst  [5].  Rare-earth-doped  Ceria  have 
been  considered  promising  materials  as  oxygen  ion  conducting  electrolytes  or  electrodes  for  Solid  Oxide  Fuel 
Cell  (SOFC)  [6],  oxygen  pumps  [7, 8]  and  oxygen  sensors  [9].  It  is  also  used  as  polishing  agents  for  the  chemical  mechanical 
planarization  (CMP)  process,  gate  oxides  in  metal  oxide  semiconductor  devices  and  ultraviolet  (UV)  blocking  materials  in 
UV  shielding  [1011].  Ceria  nano  particles  are  being  used  in  many  biomedical  applications  due  to  their  nontoxic  nature  and 
excellent  biocompatibility  [12]. 

Europium  belongs  to  the  rare  earth  metal  group  and  has  a  strong  red  emission  when  doped  in  different 
matrices. [13, 14, 15]  Europium  is  considered  as  a  suitable  dopant  for  enhancing  emission  in  Ceria  for  three  reasons:  (i)  it  can 
be  excited  in  a  wide  range  of  wavelengths  from  ultraviolet  to  visible  light, [16]  (ii)  the  ionic  radius[13clum]  of 
Eu3+(0.1066  nm),  being  close  to  that  of  Cerium  (Ce3+,  0.1143  nm;  Ce4+,  0.097  nm),  favours  extensive  solubility  with  the 
Ceria  lattice,  and  (iii)  it  increases  the  trivalent  state  of  Cerium,  which  may  further  enhance  the  applicability  of  Ceria. 
Therefore  Europium  doped  Ceria  can  be  used  in  fluorescence  applications. 

Cerium  provides  strong  absorption  below  400  nm  caused  by  charge  transfer  bands  [17].  Due  to  its  high  refractive 
index,  optical  transparency,  thermal  and  chemical  stability,  high  dielectric  constant  (26)  and  its  good  compatibility  with 
silicon-based  optoelectronics  [18,  19],  it  has  potential  applications  as  an  optical  coating  material  [20]  and  as  luminescent 
layers.  Recently,  violet/blue  luminescence  from  the  CeOx  film  [21]  and  Ce02  film  [22]  has  been  reported.  Europium  and 
Samarium  doped  Ceria  thin  films  have  been  reported  to  give  luminescence  [23]  under  excitation  of  UV  light  by  charge 
transfer  transition  and  subsequent  energy  transfer  to  Eu3+. 

The  luminescent  properties  of  undoped  and  rare  earth  doped  Ceria  seems  to  depend  on  the  preparation  method. 
The  photoluminescence  spectra  of  Ce02  nano  rods  showing  unusual  light  emission  at  370  nm,  has  been  reportedly  assigned 
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to  the  charge  transfer  transition  from  the  localized  4/ state  of  Cerium  to  the  2p  valence  band  of  Oxygen  L  .  The  charge 
transfer  emission  is  independent  of  the  morphology  of  the  sample  and  so  it  should  occur  in  bulk  Ce02  also.  However,  no 
emission  is  generally  observed  for  bulk  Ce02.  It  is  besides,  well-known  that  certain  oxides,  like  Sn02,  Zr02,  CaO,  or  silica, 
show  efficient  defect  luminescence  [25,26].  Hence  the  emission  in  Ce02nanorods  may  come  from  the  deficiency  of  oxygen. 
The  reported  excitation  wavelength  of  Ce02:  Eu  made  using  solid  state  reaction  lies  at  373  nm,  while  it  occurs  at  340  nm 
in  Ce02:  Eu  prepared  by  the  Pechini  sol-gel  process  [27,  28].  In  both  the  cases,  the  nature  of  excitation  spectrum  has  been 
attributed  to  charge  transfer  transition  from  O2  to  Ce4+  and  the  nature  of  emission  spectrum  to  defects  like  oxygen  vacancy 
and  symmetry  distortion.  Eu3+  emission  is  affected  by  defect  and  Ce3+  concentration  in  Ce02:  Eu  synthesized  by  Wet 
chemical  method  [12].  However,  characteristic  Eu3+  emission  has  not  been  observed  for  nanocrystals  prepared  by 
nonhydrolytic  solution  route  [29]. 

Synthesis 

Co-precipitation  reaction  occurs  at  50°C.  The  Cerous  nitrate  is  dissolved  in  ethanol  giving  Ce3+and  (N03)~  ions. 
The  reaction  mechanism  is  given  below  [30'31]. 

Ce  3+  +  (OH)-+     Ce  (OH)  3  +  NH4  N03  +  H+  +  e" 

The  ions  undergo  hydrolysis  to  form  Ce  (OH)  3.  Oxidation  of  Ce  (OH)  3  occurs  readily  to  give  yellow  Ce  (OH)4 
precipitates. 

Ce  (OH)  3     Ce  (OH)  4  +  NH4  N03  +  H20 

The  formation  of  Ceria  occurs  after  the  oxidation  ofCe3+  to  Ce4+  in  the  solution  at  high  pH  (>  9.5).  This  hydroxide 
precipitate  is  transformed  into  an  intermediate  Cerium  oxide  dehydrate  [31]. 

Ce  (OH)4(s)^Ce02.2H20 

Calcining  of  this  product  gives  Cerium  oxide  nanoparticles. 
Ce02.2H20     Ce02  2H20t 

The  heat  needed  for  the  crystals  to  grow  is  minimal.  At  the  end  of  the  process,  metal  hydroxide  gel  is  formed 
which  is  an  entangled  network  of  polymeric  chains  [32].The  growth  of  crystals  is  arrested.  The  obtained  Ceric  hydroxide 
particles  are  washed  free  of  anions  of  ammonia  and  nitrates  and  immediately  kept  in  alcohol  and  thus  many  alcohol 
molecules  are  absorbed  by  the  surface  of  the  particles.  Thus  the  growth  and  conservation  of  Ceric  hydroxide  nanoparticles 
is  restrained  by  the  protection  of  alcohol.  Calcining  the  product  breaks  the  gel  to  form  small  crystallites.  The  chances  of 
agglomeration  are  very  less  and  crystals  with  very  small  sizes  are  obtained. 

Characterization 

The  XRD  patterns  were  taken  of  Bruker  D8  advance  X-ray  diffractometer.  The  20  range  was  taken  from 
20°  to  100°  in  scan  mode  with  step  increment  of  0.050°  and  step  time  2  seconds  at  room  temperature. 

All  the  X  ray  reflection  peaks  of  the  XRD  patterns  and  the  respective  d  values  could  be  indexed  with  the  reported 
values  in  the  JCPDS  file  number  4-0593  of  Cerium  oxide  (Cerianite)  precisely.  This  confirms  the  formation  of  CaF2  type 
FCC  cubic  fluorite  unit  cell  with  the  space  group  Fm3m.  The  value  of  structural  parameters  lattice  constant  a0  and  lattice 
volume  V=  a03were  calculated  to  be  0.538813  nm  and  0.156428  nm3  respectively. 
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Figure  la:  X  Ray  Diffraction  Pattern  Figure  lb:  Plot  to  Determine  Crystallite  Size 

The  average  crystallite  size  was  found  to  be  9.56  nm  using  Scherer  formula  and  14.8  nm  by  graphical  method. 

Fluorescence  Characteristics 

The  fluorescence  characteristics  of  the  samples  were  recorded  on  a  Fluoromax  4  instrument  of 
Horiba  JobinYvon  make,  USA.  The  slit  width  for  the  excitation  as  well  as  emission  monochromator  was  fixed  at  1  nm  to 
ensure  optimization  and  uniformity.  The  integration  time  was  kept  at  0.1  second. 

Figure  2a  shows  emission  spectra  of  sample  synthesized  by  Co  -  precipitation  method.  The  emission 
characteristics  were  recorded  for  three  different  excitation  wavelengths  345,  465  and  526  nm.  There  are  four  emission 
peaks  observed  at  590,  604,  628  and  650  nm.  The  intensity  of  the  590  nm  peak  relative  to  the  other  peaks  is  the  highest 
among  all  samples.  Figure  2b  shows  excitation  spectra.  The  excitation  spectrum  was  recorded  by  monitoring  the 
three  different  emission  wavelengths  i.e.  590,  604,  628.  There  is  one  broad  band  at  345  nm  and  five  other  peaks  observed 
at  465,  526,  532,  538  and  547  nm. 


Excitation  spectra  of  CeO.,:Eu  *  synthesized  by 
Precipitation 
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Figure  2a 
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Emission  spectra  of  CeO  .  Eu  '  synthesized  by 
Precipitation 
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Figure  2b 


The  results  of  the  fluorescence  spectra  confirm  the  incorporation  of  Europium  in  the  Ceria  lattice  in  the  +3  state. 
The  transitions  of  Eu3+  are  given  by  5D0  — >  7Fj  (J  =  0,  1,  2,  3,  4)  are  authentically  pronounced  in  these  spectra  [55]. 
The  relative  intensities  of  these  transitions  vary  from  sample  to  sample.  The  major  emission  peak  in  all  the  samples  has 
been  found  to  be  at  590  nm,  ascribed  to  the  5D0  — ►  7FY  transition,  which  operates  by  magnetic  dipole  interaction  [56]. 
This  transition  is  not  affected  by  the  crystal  field.  The  other  peaks  at  609  nm,  632  nm  (5D0  — >  7F2)  and  654  nm  (5D0  — >  7F3) 
are  electric  dipole  transitions  [57' 58].  These  transitions  are  affected  by  the  crystal  field.  The  distribution  of  the  excitation 
energy  into  different  emission  lines  is  shown  in  Figure  3. 
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Figure  3:  Distribution  of  Energy 


The  590  nm  peak  is  the  most  dominant  while  others  are  redundant.  The  effect  of  reduction  in  particle  size  is 
known  to  alter  the  energy  levels  and  hence  the  transition  probabilities.  The  dominance  of  the  590  nm  peak  in  this  case  can 
be  attributed  to  the  reduction  in  the  particle  size. 

The  dominant  excitation  peak,  which  is  a  broad  band  feature  can  be  attributed  to  the  energy  absorption  by  the  host 
lattice  i.e.  Ce02  [12, 33].  The  multiplicity  of  the  excitation  energy  levels  in  the  host  lattice  leads  to  absorption  at  multiple 
levels,  giving  a  broad  band  feature.  The  narrow  band  excitation  features  can  be  attributed  to  the  Eu3+  ions.  The  energy 
absorbed  by  the  charge  transfer  from  O2  valence  band  to  Ce4+  conduction  band  is  transferred  to  the  Eu3+  and  it  produces 
red  emission.  The  intra  4f  n  transitions  are  also  responsible  for  the  excitation-emission  mechanism.  The  Eu — O  bond  also 
plays  important  role  in  the  energy  transfer  mechanism  [37].  The  interactions  are  in  terms  of  magnetic  and  electric  dipole 
transitions  [40]. 

Tetravalent  Cerium  ions  (Ce4+)  have  no  4  /  electron.  This  implies  that  Ce02  can  be  a  promising 
photoluminescence  host  material  because  of  strong  light  absorption  through  the  charge  transfer  [CT]  from  O  "  to  Ce  J. 
If  the  energy  transfer  is  achieved  from  the  charge  transfer  state  of  Ce02to  the  doped  rare  earth  ions,  characteristic 
emissions  are  expected  to  be  observed  e.  g.  energy  absorbed  by  the  charge  transfer  from  O2  valence  band  to 
Ce4+  conduction  band  is  transferred  to  the  Eu3+  and  produces  the  red  emission.  Rare  earth  doped  Sr2Ce04  materials  have 
already  been  demonstrated  to  exhibit  excellent  luminescent  properties  [38].  Undoped  Sr2Ce04  gives  unusual  emission  in 
blue  region.  The  emission  was  assigned  to  a  ligands -to -metal  charge  transfer  transition  of  Ce4+  [39'40].  An  efficient  energy 
transfer  can  occur  from  the  Ce4+  — >  O2"  charge  transfer  state  to  the  trivalent  RE  in  Sr2Ce04:RE3+  (RE  stands  for  rare  earth 
elements) [41]. 

The  590  nm  peak  (5D0  — ►  7Fi  magnetic  dipole  transition)  dominates  the  emission  spectra,  when  the  Eu3+  ions  are 
located  at  sites  with  inversion  symmetry.  If  the  Eu3+  ions  are  located  at  sites  without  inversion  symmetry,  the  609  nm  peak 
(5D0  — >  7F2  electric  dipole  transition)  dominates  [33].  Hence,  increase  in  the  609  nm  peak  intensity  is  indicative  of  the 
increasing  distortion  of  the  local  field  around  Eu3+  ions.  The  ratio  of  intensity  of  these  two  peaks  i.e.  (5D0— ►  7F2/5D0— ►  7Fi) 
quantifies  the  degree  of  distortion  from  the  inversion  symmetry  of  the  local  environment  of  Eu3+  ions  in  the  host  lattice. 
Hence,  lower  the  ratio,  better  is  the  inversion  symmetry  of  Eu3+  ions.  The  dominant  feature  in  the  emission  characteristics 
i.e  590  nm  emission  peakis  absolutely  sharp  and  intense  while  the  others  are  practically  redundant.  This  is  significant  as 
the  width  of  the  peak  is  not  more  than  a  few  nano  meters  and  the  intensity  is  quite  high.  The  material  is  likely  to  have  a 
high  efficiency  of  conversion. 
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